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ABSTRACT
The effects of a power plant discharge into Monterey Bay at Moss
Landing are investigated. Possible effects of increased temperatures
upon the metabolic and behavioral patterns of biota are presented.
These effects are usually very subtle, and depend upon the physical as
well as the biological characteristics of an area. Temperature studies
at Moss Landing indicate an exponential-like decay of temperature with
increasing area surrounding the discharge. Due to changing physical
conditions, the size and shape of the warm water "plume" are subject to
appreciable variations. Heat budget calculations predict only a small
amount of the heat discharged into the Bay escapes to the atmosphere,
although turbulence near the discharge probably accounts for a much
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I. INTRODUCTION
The term "thermal pollution" is being used extensively by both the
popular and scientific presses to describe the addition of hot water
discharge from electric power plants to the ocean and fresh water envi-
ronments. The mean temperature of the ocean is not affected by this
heat, but local temperatures may be significantly affected with possible
adverse effects on the ecology of the area in the vicinity of the out-
fall. Thus the term "thermal pollution" has arisen to denote this
unnatural addition of heat to the environment. Whether the word
"pollution" is appropriate is a subject of debate among scientists, and
depends upon the particular area and how one defines the word "pollution."
The demand for electric power is expected to double from 1968 to
1980 [Adams, 1969]. More nuclear power plants will be built in response
to the public outcry against air pollution. These nuclear plants are
even less efficient than the fossil fuel plants because technological
difficulties make it impractical to use high pressure superheated steam
in a water-cooled reactor system which would allow more efficient opera-
tion and less wasted heat to be discharged into our waters [Baldwin,
1970]. The even increasing amount of heat added to our rivers, lakes,
and bays makes it imperative that we understand its effect upon the
local flora and fauna (particularly those which are vital links in the
food chain) to avoid serious problems which could arise in the future.
Detailed studies must be conducted at sites of proposed power plants to
accurately determine physical, biological, chemical, geological, and
meterological characteristics of areas affected by discharges.
Supplied with this information, a competent ecologist can thus predict
7

the effects upon the local biota and conclude whether it is advisable
to build an electric power plant. Strict governmental control is also
needed to insure that power companies construct their plants at loca-
tions where they will be no damaging effects on the local biota or
where the adverse effects are as minimal as possible.
8

II. EFFECTS OF TEMPERATURE
A. GENERAL EFFECTS
Temperature is considered the most important factor affecting the
distribution of life in any aquatic environment. A biological community
or aggregation of species is formed when the physical parameters of the
water match the tolerances of the species in the community [Wurtz, 1968].
Temperature exerts a profound influence on salinity, density, oxygen
content, turbidity, pH, amount of suspended matter and dissolved solids,
photosynthetic activity, organic decomposition and remineralization of
nutrients, phytoplankton growth, and other physical parameters affect-
ing the membership of a biological community [de Sylva, 1968]. An
unnatural addition of heat to the environment could significantly alter
the thermal regime and produce a series of changes in the physical
characteristics of the water. Measurements in the vicinity of hot water
discharges have shown a predominance of warmer water species and an
accompanying decrease in the diversity of species present [Mount, 1968].
This decreased diversity represents a simplification of the ecosystem in
response to the. thermal stress placed on it [Mount, 1968]. This sim-
plification results in a more efficient food chain, but produces a less
adaptive system with a higher risk of failure since an individual species
aquires greater importance in the food chain [Mount, 1968]. Noticeable
effects such as outright fish kills in the area of a discharge rarely
occur. Even if they do occur in a small area surrounding the discharge,
such kills cannot be interpreted as evidence that the discharge has
adversely affected the ecosystem. What one must discern are the more
subtle effects such as changes in the reproductive cycles, growth, slow

decline and disappearance of valuable species, eventual disruption of
the food chain leading to our valuable commercial resources, and un-
desirable shifts in the floral or faunal community [Hedgepeth, 1968].
Numerous experiments have been conducted to determine the physiol-
ogical and behavioral responses of aquatic species to temperature. In
interpreting the "lethal" temperature to an organism one must consider
the abruptness of the temperature change and the exposure time. It is
useless to subject a fish to elevated temperatures for several hours
when its maximum exposure time (if it becomes trapped in the intake
system of the power plant) is a matter of minutes [Adams, 1969].
Laboratory experiments are useful in determining an organism's response
to temperature alone, but in the real world the organism does not
respond in a simple, predictable way. Numerous other physical para-
morovc cu/~h a c calinitu nvwnon rnnrontvatnAn artrl nM affarf "?1"<;
response to a temperature stimulus [Strickland, 1968].
B. PHYSIOLOGICAL AND BEHAVIORAL EFFECTS
Clark (1969) has described the physiological and behavioral effects
of an increase in temperature on living aquatic animals. Temperature
influences the metabolism, activity, growth, and reproductive process.
In mose cases activity, feeding, and oxygen consumption increase
directly with temperature increases until "thermal shocks" or dis-
equilibrium results. There are a few exceptions to this rule such as
the brown trout, which undergoes a decrease in metabolic rate and
activity in the temperature range from 49°-66°F, then shows the normal
increase in activity as the temperature rises beyond 66°F. All organ-
isms are subject to maximum temperatures above which they cannot exist.
Death from exposure to rapidly fluctuating temperatures or to prolonged
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exposures at lethal temperature has been attributed to numerous physiol-
ogical causes such as inactivation of enzymes, lack of sufficient oxygen
to meet the increased demand, smooth-muscle peristalsis, and coagulation
of protoplasm, but scientists are still unsure of the exact cause.
Clark (1969) has pointed out that perhaps the most important effect
of temperature (in terms of alterations in the ecosystem) is its effect
upon growth and development. Higher temperatures usually produce a
species of larger size than its cold-water counterpart, but such is not
always the case. Karl Mobuis, a German Zoologist, noted that molluscs
and shellfish living in cold water grew slower, but attained a larger
adult size than the warm water molluscus and shellfish. An increase in
activity usually accompanies an increase in food consumption, and this
acts to diminish the amount of energy available for growth. In most
cases, however, warmer temperatures produced biota of larger size than
did colder temperatures provided there is sufficient food supply to
sustain the increased appetites and growth rates.
deSylva (1968) has noted that the effect of temperature on growth
is most critical during the ovum and larval stages. Warmer temperatures
are thought to induce and protract spawning. If spawning is induced
when water conditions are unfavorable, the eggs may not develop pro-
perly due to the elevated temperatures or other physical factors. Also,
some animals which spawn in warm water depend upon colder water for the
development of their ova during certain stages. A hot water discharge
could prevent the seasonal or diurnal fluctuations necessary for proper
ovum development. It is thought that natural fluctuations may even be
required by some animals such as intertidal species, which are subject
to side variations between air and sea temperatures. The egg can also
experience e problem osmoregulation due to increased salinity from the
11

discharge, and the lighter, warmer water can cause pelagic eggs to sink
to levels of insufficient oxygen and light, which are necessary for
growth. Bacteria also become more active, and decompose organic matter
faster in warmer water thus presenting an added problem to the ova. The
organism also experiences difficulty in its larval stages. Increased
temperature and salinity cause a decrease in oxygen solubility. Less
oxygen in the water is dangerous to most aquatic life. More oxygen is
required when biota become more active due to the warmer temperatures.
Larvae require more oxygen to avoid predators, which also become more
aggressive at higher water temperatures. Oxygen is also useful in
neutralizing the effects of sewage and chemical pollutants. If the hot
water discharge is less dense than the sewage, it will float on top of
the sewage and prevent its access to oxygen. The toxic effect of
chemical pollutants on aquatic life seems to increase at elevated
temperatures thus making both the adult and the larvae more susceptible
to chemical poisoning.
C. OTHER EFFECTS OF HIGH TEMPERATURES
deSylva (1968) has also recorded additional effects of a tempera-
ture increase. The activity of the gribble and shipworm often increases
in warmer water. Warm water also attracts sharks, jellyfish, stingrays
and other undesirable species to swimming areas. Growth of algae is
accelerated in warmer water thus clogging estuaries and impairing the
filtering mechanisms of shellfish and oysters.
According to deSylva (1968), benefits are also possible from a hot
water discharge. In many cases sport fishing has improved in the area
of a discharge especially in winter months. Benthic organisms are
attracted to the area during colder periods, and growth is accelerated
12

during colder months if there is sufficient light and a supply of nutri-
ents present. By pumping the discharge into the water near the bottom,
nutrients could be brought to the surface by the rising v/arm water and
thereby foster a greater phytoplankton population and increase photo-
synthesis and oxygen production. This hot water could also be used for
shellfish farming under controlled conditions, to melt ice in polar
waters, and to warm waters for more pleasant swimming.
Clearly, the overall effects are yery difficult to assess.
Whether a discharge is harmful or beneficial depends on the particular
area. Evaluation of the effects requires a detailed study of the
physical as well as the biological aspects of an area and a constant




A. POWER PLANT OPERATION
The largest fossil -fuel power plant in the United States (2113
megawatts) is located at Moss Landing, California [Adams, 1969]. Sea
water is used as a coolant in the power plant condenser system, and is
discharged into Monterey Bay as a velocity of 3 ft/sec, at a temperature
15°F (8.3°C) to 20°F (11°C) above its intake temperature. Discharge
units 6 and 7 are located in the Bay twenty feet below mean water level
on the southern side of Elkhorn Slough. The position of the discharge
is 36° 48.3'N and 121° 47.4'W. Unit 6 is 640 feet offshore at mean
water level (mean lower low water) and 800 feet offshore when the tide
is eight feet above mean water level. When both units are operating at
full capacity, the plant can produce 1500 megawatts of electrical
power.
B. PHYSICAL ENVIRONMENT
The topography of the area is characterized by the Pajaro River to
the North, the Salinas River to the South, and Elkhorn Slough, all of
which serve as sources of winter runoff thereby decreasing the salinity
of nearshore water. This runoff carries a great amount of silt into
Monterey Bay affecting sediment characteristics and reducing water
transparency. The Monterey Bay Submarine Canyon, largest of its kind
on the Pacific coast of the United States, heads offshore at Moss
Landing exerting an appreciable influence upon circulation and sediment
transport in the area.
1 The background information in Part III is from PG&E Progress
Report Number 2 (1968).
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The water temperatures are characterized by three seasons:
1. Davidson Current (November-February), 2. Upwelling (March-August),
and the 3. Oceanic or California Current (September-November). During
the Davidson Period, offshore surface water flows northward and toward
shore producing a stable, warm, well-mixed upper layer. Salinities
are low due to the high river runoff in the latter part of this period.
When the wind shifts to the North, surface water is transported off-
shore causing cold bottom water to "upwell" to the surface. Due to
increased evaporation, salinities are usually high during upwelling.
September initiates the Oceanic Period, during which warm, highly saline
offshore water replaces cold water, which sinks nearshore and is trans-
ported southward by the California Current. In late August and in
September, due to increased solar radiation, sea surface temperatures
ape. mavimnm awaram'nri ^P.°f fid d.°P^ Thp <;i Drf^ ro fpmnpra tiirp^ arPv* t v, iiMniiiiMHig ^. . ~ .--}... j w~- ^ a • -/• ...*» — w. • « _ - r '--'-- *» *•
lowest in March and April, averaging 52°F (11.1°C). Warm water from
Elkhorn Slough moving in and out of the Bay due to tidal forces causes
marked diurnal fluctuations in the surface temperatures.
The tides at Moss Landing are "mixed." Two sets of highs and lows
are observed each day, but there are large inequalities between success-
ive highs and lows (Figure 2). Highest tides are approximately eight
feet above mean water level with an average or diurnal range (mean
higher high to mean lower low) of about six feet.
Winds, density currents, and tides affect circulation in the
discharge area. Although tidal currents are apparently weak, measure-
ments have shown that the tidal cycle does affect circulation somewhat.
Gatje and Pizinger (1965) and Caster (1969) have measured currents along
the bottom of the Canyon with components flowing counter to the tidal
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movement (up canyon flow on ebb tide and down canyon flow on flood tide)
These currents are limited to a thin region above the bottom so their
effect upon the thermal structure is probably negligible. Pacific Gas
and Electric Company (PG&E) dye studies have indicated a movement south-
ward and toward shore of the surface water in the discharge area during
ebb tide and northward and away from shore during flood tide. The pres-
ence of the Canyon makes the circulation \jery complicated and difficult
to predict in a small region. PG&E current studies show that the dom-
inant large scale circulation in Monterey Bay is a counterclockwise
movement of surface water. Wave action apparently does not produce
seasonal circulation changes because the dominant swell is from the
northwest and west all year round.
C. BIOLOGICAL CHARACTERISTICS
Before the construction of Units 5 and 7, PG&E conducted surveys
of the benthic life in the area of the proposed discharge. Surveys
of 10 June 1966, 24 October 1966, and 1 July 1967 showed that the biota
of the shallow bottom consisted primarily of polychaetes, Crustacea
(shrimp, pill bugs, and sand fleas), molluscs (snails and clams), and
echinoderms (sand dollars and sea stars). No plant species were found
on the bottom due to an absence of a suitable substrate caused by the
shifting sands along the bottom. Plants were found only as drifting
debris. The surveys showed that fluctuations occurred in the amount
of a particular species, but the type of species present at a particular
station remained virtually constant. In general changes in the species
type at a particular station from one sample date to the next were less
pronounced than the differences in species type between stations. This
finding seems to indicate that the benthos is not exposed to marked
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fluctuations in the physical environment, but distinct faunal areas
apparently do exist.
The distribution of macrobenthos is influenced primarily by sedi-
ment particle size, water depth, amount of detritus, and factors such
as temperature, oxygen supply, and food supply. Particle size is
determined by depth, location, and currents. Detrital content is
affected by currents and the distance from a source such as a river or
slough. The large polychaete abundance at inshore stations may be a
result of the large amount of detritus and sand size particles.
Crustaceans are more abundant at deeper water stations, and may prefer
a substrate of smaller sediment particle size (fine sand and sandy
silt). The dominant species, however, are usually adapted to a variety
of conditions and are often cosmopolitan.
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IV. PHYSICAL EFFECTS OF DISCHARGE
A. AMOUNT OF HEAT
From October 6, 1970 to October 8, 1970, PG&E conducted a series
of measurements in the area of discharge Units 6 and 7. Units 6 and 7
were operating at maximum capacity (1500 megawatts) throughout the
course of the survey in order that the maximum effects upon the tempera-
ture structure in the area could be determined. 1280 cubic feet of
water heated 21.75°F (12°C) above its intake temperature was discharged
per second into the Bay, resulting in a heat addition of 435 million
calories per second to the Bay.
B. RESULTS OF MEASUREMENTS
From 1300 to 1700 on October 6, bathythermograph (BT), salinity,
and dissolved oxygen measurements were made by PG&E at twenty stations
representing distances of 300 feet to 5400 feet seaward of the dis-
charge (Figure 3). The salinities measured were virtually the same at
all stations(33.5 to 33.6 parts per thousand at the surface), but the
dissolved oxygen concentration at the stations closest to the discharge
(Stations 1-4) were lower than those at the other stations. Oxygen
concentrations in the surface layers at Stations 1-4 varied between 5
and 6 parts per million, while the concentrations at Stations 17-20
(farthest from discharge) varied between 7 and 9 parts per million in
the surface layers. Since oxygen is less soluble in warmer water, one
would expect the concentrations to be smaller near the discharge where
the warmest water is present.
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Temperature measurements made by PG&E on October 6 consisted of
mechanical BT measurements at Stations 1-20 (Figure 3) and an infrared
radiation (IR) study of the discharge area using an airborne radiation
thermometer and a "thermal mapper" system [Doyle, 1969] to plot the
shape of the hot water "plume." Figures 4-7 show the results of the
IR surveys of October 6 and December 6, 1970. The ambient surface
water temperature on October 6 was 56.5°F, and the maximum temperature
detected by the IR survey was 67°F. Four hundred twenty three thousand
square feet of surface water had temperatures of 57°F to 59°F, while
111 thousand square feet of surface water had temperatures of 59°F to
67°F. The December 6 IR survey indicated higher surface temperatures
and larger areas influenced by the discharge than the October 6 survey.
The ambient surface water temperature was 55°F, and the maximum tempera-
ture detected by the IR survey was 78°F. 8.9 million square feet of
surface water (18 times larger than the area influenced by the same
temperatures on October 6) had temperatures of 57°F to 60°F, while 284
thousand square feet of surface water (twice the area influenced by
temperatures of 60°F to 67°F on October 6) had temperatures of 60°F to
78°F. The pronounced differences between the two surveys can perhaps
be explained by examining the BT data of October 6,1970.
At Stations 1-4, 100 yards from the discharge, temperatures of 60°F
to 62°F were measured as deep as 15 feet, and temperatures of 57°F to
59°F were detected as deep as 25 feet. At Stations 17-20, 1800 yards
from the discharge, temperatures of 57°F to 59°F were measured 10 feet
below the surface (Figures 8 and 9). The BT data indicate that most of
the heat from the discharge remained beneath the surface, resulting in
a large "block" of warmed water concentrated near the discharge.
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The absence of currents to disperse the heat could perhaps explain the
comparatively low surface temperatures observed on October 6. Unfor-
tunately, no BT data is available for December 6. It seems highly
unlikely, however, that the higher surface temperatures and larger
areas influenced observed on December 6 were due to a progressive warm-
ing up of the water. If progressive warming of the water were occurring
such a drastic change in surface temperatures could not occur in such
short time (October 6 - December 6). A possible explanation for the
discrepancy between the two surveys is that warm, subsurface water rose
to the surface and spread out due to local currents, thereby increasing
the influenced area. This process would result in a shallower thermo-
cline since more of the warm water has reached the surface. More BT,
IR, and current measurements should be taken in the area to determine
what physical processes affect the distribution of heat in the water
column.
At 0850 on October 7, a surface current drogue was launched by
PG&E at the discharge site and tracked by ship's radar until 0945 on
October 8. The drogue was equipped with a thermistor to measure sur-
face water temperatures along its path. Figure 10 shows the surface
temperatures recorded by the drogue, and Figure 11 indicates the posi-
tion of the drogue at various times. The temperature decayed rapidly
from 70°F to 60°F, and then became more constant as the ambient tem-
perature was approached. Figures 10 and 11 indicate that the tempera-
ture decayed from 70°F to 60°F in 5 minutes time or a distance of
approximately 40 yards from the discharge. The drogue traversed 3200
yards in three hours time before the ambient temperature was reached.
The undulations in the temperature decay curve of Figure 10 indicate
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the presence of small patches of water slightly warmer than ambient
at distances of five miles or more from the discharge.
The BT, IR, and drogue studies indicate that the "thermal plume"
consists of a small area of high temperatures (60°F to 70°F or more)
and large temperature gradients surrounded by a much larger region of
lower temperatures (57°F to 60°F) and small temperature gradients
(Figure 7). Numerical models such as Baldwin's (1970) predict this
exponential -like decay of temperature with area. Baldwin's model
assumes steady-state currents, and predicts that the inner area of high
temperatures is composed of stable, circular isotherms while the outer
area of lower, constant temperature consists of elliptically-shaped
isotherms which become elongated in the direction of the dominant
current, assumed to be steady-state. According to his model, currents
are the most important influence or, the heat dispersion. Obviously,
the assumption of steady currents vastly oversimplifies what is really
occurring in nature, but numerical models nevertheless are valuable tools
for estimating how much surface area will be affected by a discharge.
Circulation at Moss Landing is particularly complicated due to the
influence of the Canyon so one would expect the outer area of the
"plume" to change in shape and areal extent in response to fluctuating
local currents. Detailed current studies in the discharge area under
various wind and wave conditions would provide the empirical data
necessary to more accurately predict how the heat will be dispersed.
C. HEAT BUDGET CALCULATIONS
It is important to know the net heat flux across the air-sea
interface to determine what percentage of the discharge heat is escap-
ing to the atmosphere. Using the IR studies (Figures 4,5, and 6) and
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the meteorological data available for October 6 and December 6, one can
estimate the amount of heat loss to the atmosphere through radiation,
evaporation, and sensible heat transfer. The transfer of heat across
the air-sea interface is referred to as the heat budget and can be





" Qb " Qe " <V ~ % [^mes, 1966]
where Q = net gain or loss of heat of the water surface.
Q
s
= heat gain due to solar insolation.
Qc = heat gain due to condensation.
Q. = effective back radiation to atmosphere.
Qe = heat loss due to evaporation.
CL = heat conduction across interface.
Q
r
= reflected solar radiation.
On October 6 the winds were from the west and northwest at 5-15
knots. The air temperatures ranged from 53°F to 57°F, and the dew
point temperatures varied from 47°F to 52°F. The sky was virtually
clear with a cloud coverage of 30 percent above 20,000 feet. Using
average values to facilitate the calculations, one can consider a 10
knot wind, a 55°F air temperature, and a 49°F dew point temperature as
representative of the overall meteorological conditions on October 6.
It is further assumed that the effective solar insolation (Q s - Q r )
balances the amount of heat released to the atmosphere from water sur-
faces at ambient temperature (56.5°F). This assumption allows one to
neglect seasonal heating and cooling of the water surface. Letting Qa
represent the amount of heat released to the atmosphere, the following
relation holds:
Qa = % + % + Qh
Assuming the heat lost to the atmosphere from the ambient surfaces is
balanced by the effective solar insolation, then the difference in the
values of Qa UQ a ) between surfaces at temperatures (Tw ) above amoient
22

and the ambient surface is a measure of how much of the heat from the
discharge is released to the atmosphere.
Tables I, II, and III show the results of the heat budget cal-
culations for October 6 using James' (1966) nomographs. Only 5.02 x 10
calories per second or about 0.1 percent of the discharged heat was being
lost to the atmosphere over the entire "plume" area on October 6.
On December 6 the ambient surface water temperature was 55°F, the
sky was virtually clear (10 percent cloud coverage above 20,000 feet),
and the average winds were 10 knots. Air and dew point temperatures
averaged 57°F and 48°F respectively. The heat budget calculations for
December 6, Tables IV, V, and VI, indicate that 1.05 x 10 cal/sec, 2.5
percent of the rate at which heat is being discharged into the Bay, was
released to the atmosphere over the entire "plume" area. The heat bud-
get calculations suggest rather strongly that the area influenced by the
warm water is increasing since such small values for the amount of heat
lost to the atmosphere were obtained. The water in the vicinity of the
discharge is very turbulent due to the rapid discharge of hot water
from the plant into the Bay. The "boiling" surface water near the dis-
charge could increase the heat loss to the atmosphere by one or two
orders of magnitude above that predicted by the heat budget calculations
through turbulent heat transfer to the atmosphere. Direct measurements
of turbulent fluxes of heat and moisture across the air-sea interface
would be helpful in determining how important turbulence is in trans-
ferring heat to the atmosphere.
If one assumes Monterey Bay to be enclosed by insulated boundaries,
one can calculate roughly what length of time would be required for the
discharge to produce a 1°C rise in the mean temperature of the Bay.
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oAssuming the plant always operates at its maximum load, 4.35 x 10 cal/
sec, and that no heat escapes to the atmosphere, the total heat absorbed
by the Bay in one year is 1.2 x 10 '° calories. Monterey Bay is approxi-
mately 200 square miles in area with an average depth of 200 feet,
excluding the Canyon region. Thus the volume of the Bay is about 4.2 x
10'° cubic centimeters, a total mass of approximately 4.3 x 10 grams.
Assuming the discharged heat is uniformly distribued throughout the Bay,
the mean temperature of the Bay would be raised 1°C after 3.6 years.
The assumptions used to arrive at this figure are of course unrealistic,
since Monterey Bay is not enclosed by insulated boundaries. Some of the
heat escapes to the atmosphere, some may be transferred by conduction
to the land, and some is carried away from the discharge by advection
and diffusion and dispersed in the vast ocean environment outside the
confines of the Bay.
Because much of the discharged heat escapes from the Bay, it would
seem highly unlikely that any noticable increase in the mean temperature
of the Bay could occur in the foreseeable future. Temperatures in the
immediate vicinity of the discharge are significantly affected,
however. Although the IR surveys indicated that the area of surface
water influenced by the discharge is very small compared to the area of
Monterey Bay, the heat budget calculations suggest that this area is
increasing steadily, although local currents and wave action may cause
periodic fluctuations in the area of the "plume." According to the heat
budget calculations, the "plume" would have to increase its surface area
by 100 times its present area in order to reach an equilibrium condition
(rate of heat discharged into the Bay equals the rate of heat lost to
the atmosphere). The discharge region should be monitored regularly to
24

determine whether the "plume" area is grov/ing and the importance of
turbulence, advection, diffusion, and wave action in the dispersal of
heat. As the warm water area increases in size, more heat will be lost
to the atmosphere, and more will disperse into the ocean by diffusion
and mixing processes. Thus an equilibrium condition would be approached,
A numerical model could be developed to predict when this equilibrium
condition could be expected and the size of the "plume" area at equili-
brium. Detailed information concerning physical processes such as
advection, diffusion, and mixing is needed for such a model to be use-
ful in predicting how the heat will be dispersed. Knowing the total
surface area affected by a power plant discharge at equilibrium enables
one to predict how many power plants per unit length of coast can
operate at one time without significantly affecting temperatures on a
1-> i*nft ^*^-\l/-\ -\ I .-» i-^ •» "4-l-t/-» r* /-» -» f 4"
PG&E used the Moss Landing IR data to predict how the heated
effluent would be dispersed from a similar discharge located at Daven-
port, Santa Cruz County, California. 2 In its report concerning the
studies conducted at Davenport, PG&E states that the rapid reduction of
the temperature gradients near an offshore, submerged discharge, such as
that at Moss Landing, is due to the initial mechanical (jet) mixing of
the discharge water with the receiving water at the discharge point.
Subsequently, after dilution of the effluent, the turbulence of the
receiving water becomes the dominant factor in the mixing process. For
shoreline discharges PG&E measurements indicate that the initial tem-
peratures' are not reduced as rapidly as near offshore discharges because
the effect of the initial mechanical mixing is inhibited.
2 The information in this paragraph is from PG&E Report on
Investigations of the Marine Environment at Davenport.
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PG&E measurements of "plumes" at operating power plants with submerged,
offshore discharges indicate that 80-90 percent of the heat transferred
to the atmosphere occurs at surface temperature increases of 1°F above
ambient or less. The fact that the thermal discharge is spread over a
large area at a low level of temperature increase (2°F and less) above
ambient makes it difficult to determine the true ambient temperature at
the discharge. Since currents can shift the "plume" up and down the
coast, water within a 1-2 mile radius of the plant could experience a
temperature increase of 1-2°F. Measuring the ambient temperature out-







F° cal/cra2/hr cal/cn2/hr cal/cr,2/hr
56.5 6.5 6.5 1.0
58.0 6.7 8.2 2.0
60.0 6.9 9.5 3.3
62.0 7.1 11.0 4.4
64.0 7.3 13.5 5.5























Tv *Qa AREA A QG X AREAex
po cal/cm'2/hr cnZ X 108 cal/hr X 10?
58.0 2.9 3.93 1.14
60.0 5.7 0.87 0.50
62.0 8.5 0.10 0.08
64.0 12.3 0.06 0.07
66.0 15.7 0.02 0.03
TABLE IV
,
T % Qe %
jo cal/cm2/hr cal/cm /hr cal/cm /hr
55 o.o 8.5
57.5 7.0 10.5 0.5
59 7.1 11.5 1.0
61 7.2 13.5 2.3
63 7.3 15.5 3.4
65 7.4 18.0 ' 4.6
67 7.6 22.0 5.7
69 7.8 24.4 7.0
71 8.0 27.6 8.0
73 8.2 30.0 8.9
75 8.4. 32.4 9.8
























T AQ AREA AQa X AREA
yO cal/cm2/hr cm2 X 108 cal/hr X 109
57.5 3.7 56.3 20.8
59 5.3 26.4 14.0
61 8.7 1.7 1.5
63 11.9 0.5 o.e
65 15.7 0.2 0.3
67 21.0 0.13 0.3
69 24.9 0.08 0.2
71 29.3 0.01 0.04
73 32.8 0.01 e.e4
75 36.3 0.01 0.04
77 41.5 0.02 0.09
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V. BIOLOGICAL EFFECTS OF DISCHARGE
Because organisms respond in a complicated fashion to temperature
changes, the task of determining the effect of a power plant discharge
upon the local biota is very difficult. Fluctuations in the population
of a particular species at a given station due to natural effects must
be separated from changes resulting from the power plant discharge alone
A detailed biological sampling program should be undertaken in the
proposed discharge area before the plant begins operation. Such sampl-
ing would provide a means for determining changes in the biological life
due to natural processes alone. These changes could later be separated
from the observed changes to arrive at an accurate prediction of the
effect on the local biota due to the discharge only.
Unfortunately, there has been an insufficient amount of biological
data collected at Moss Landing in the area of Units 6 and 7. PG&E con-
ducted three benthic surveys before Units 6 and 7 began operation, but
these surveys were separated by several months, and gave no indication
of the variations in the amount of a particular species between succes-
sive samples at one station. If only one sample is taken at a station,
an accurate representation of the species populations cannot be deter-
mined because the benthos may be clustered in a small area rather than
equally distributed throughout the area of the sampling station.
Multiple sampling at various points within a station area indicates
what variability one can expect between samples due to the non-uniform
distribution of the benthos.
The Moss Landing Marine Laboratory has been sampling the biota of
the discharge area since 1968, but the sampling has not been extensive
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enough to pinpoint the exact effects of the discharge upon the bio-
logical community. Essinger is now preparing a report for PG&E on the
results of a benthic survey conducted .in November 1969 in the discharge
area. The report (not yet completed) states that ten samples were taken
at each station, yet no mention of the variability among samples was
made. The benthic survey showed a marked decline of polychaetes with
time at stations close to the discharge and a gradual appearance of
nematodes. Without knowing the variability among samples, one cannot
conclude the polychaetes are gradually disappearing in the discharge
area. A problem also arises in separating the effects of natural causes
upon the distribution of benthic life. Samples at stations not influ-
enced by the discharge showed variation in the species populations and
distribution indicating that natural factors do produce changes in the
benthic community. If future surveys substantiate the fact that Ine
discharge is causing the decline of polychaetes, one can conclude that
the ecosystem has indeed been damanged because polychaetes are
important as a source of food for numerous organisms.
Houk conducted a survey of the Pismo clam population in the shallow
waters near the discharge. His results showed a definite absence of
Pismo clams in the shallow waters directly behind the discharge. This
fact might possibly indicate that the hot water emanating from the dis-
charge acts as a barrier preventing the temperature-sensitive clam
larvae from passing into the shallow water along the beach. Since
Pismo clams are an important commercial resource, their disappearance
would be damaging economically as well as ecologically. More sampling
data is needed before a conclusion can be reached.
No surveys of the planktonic and nektonic life have yet b n
conducted in the vicinity of Units 6 and 7. Nektonic organisms should
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be capable of swimming away from the heated areas, but planktonic
organisms (including nektonic and benthic larvae) are not capable of
swimming away from heated areas. Benthic larvae drift along with the
currents until they become adults and settle in one place. Since adult
benthic organisms are virtually sedentary, the distribution of benthic
life in an area depends upon the larvae's drifting from place to place
and settling down. Larvae are more sensitive to temperature than the
adult of the species so the presence of a hot water discharge could
present a barrier to the drifting larvae resulting in the depletion of
a benthic species in the discharge area [deSylva, 1968]. The effects
upon planktonic life due to a discharge are very difficult to assess,
but plankton surveys should be conducted in order to better understand
the effects of a hot water discharge upon this form of life which is
so vital to the food chain.
PG&E summarized the results of its biological investigations at
nine power plant offshore discharge sites along the California coast
in its report on the studies conducted at Davenport, California. The
results indicate that a replacement benthic community is developed in
areas where the temperature is 10°F above ambient. When temperatures
are 2-10°F above ambient, a transitional community is developed composed
of warm and cold water forms. Few, if any, effects are found where
temperatures are less than 2°F above ambient. Investigations have shown
that replacement communities are typically "dense, luxurious" communi-
ties composed of warm- tolerant species. Transitional communities are
composed of warm-tolerant forms plus many species which can tolerate
intermediate temperatures. The bull kelp population decreases when
exposed to temperatures greater than 4°F above ambient. Power plant
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discharges will not have a significant effect upon the plankton popula-
tion because of the large number of warm-tolerant forms, the rapid
turnover time, and the continual recruitment from other areas of the
plankton. PG&E surveys also indicate that the discharges should not
have a significant effect upon water quality parameters, such as
dissolved oxygen, based on abundant evidence at discharge sites.
Studies by PG&E around power plant discharges on the California coast
indicate that certain sport fish, such as striped bass, are attracted
to these warm water discharge areas.
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VI. CONCLUSIONS AND RECOMMENDATIONS
Unfortunately, there is insufficient biological data available to
make a competent prediction of the effects of this discharge at Moss
Landing. The results of Houk's Pismo clam survey certainly merit fur-
ther consideration and research. More benthic surveys should also be
conducted to investigate the cause of this apparent decline in the
polychaete population in nearshore waters.
The effects of a hot water discharge upon an ocean environment are
much more difficult to detect than the effects upon a closed system such
as a river, lake, or estuary. Power plant discharges are capable of
producing very pronounced temperature changes in small lakes and ponds,
but the heat from a discharge is rapidly dissipated in the vast ocean
environment. The ever-increasing demand for electric power will result
in more and more heat being dissipated into streams, lakes, bays, and
estuaries. Naturally, the area affected by a discharge is proportion-
ately much greater in a lake than in an ocean, but one cannot conclude
that it is less damaging ecologically to discharge heat into the ocean
rather than smaller bodies of water. The species present in a dis-
charge area and the susceptibility to temperature changes of the species
(particularly those vital to the ecosystem) must be determined before
one can begin to predict what the effects of the dischargeed heat will
be upon a particular environment.
The key to predicting the effects of a discharge upon an ecosystem
lies in understanding the physical oceanographic characteristics of an
area [Strickland, 1968]. The more complicated hydrodynamic behavior of
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an ocean water mass makes it much more difficult to determine the phy-
sical characteristics of the ocean environment than the estuarine
environment where circulation is much more predictable [Krenkel and
Parker, 1968]. Water temperature fluctuations should be determined in
as much detail as possible in order that an accurate representation of
the thermal regime be used when assessing the effects upon biota
[Hedgepeth, 1968]. There is also a need for a more efficient biological
monitoring system of a discharge area. Chemical and physical parameters
can be determined much faster than biological parameters [Wurtz, 1968].
Further research is also needed to better understand such problems as
plankton physiology, effects of passing through a power plant condenser
on benthic and nektonic organisms, and the effects due to temperature
increases on behavioral patterns such as acclimation, feeding habits,
reproduction, metabolism, horizontal and vertical plankton migrations,
and predator-prey relationships [deSylva, 1968].
The need for electric power must be satisfied so compromises must
be made between progress and conservation of the environment. What must
be determined is how to best dispose of this excess heat with minimal
damage to an ecosystem. Sites for future power plants must be chosen
so that the ecosystem of the area is affected as little as possible.
Power plant discharges such as the. one at Moss Landing affect a com-
paratively small area of water in the ocean so one cannot possibly con-
clude that the entire ecosystem of an ocean will suffer adverse effects.
The ecology of a small area, however, may be significantly affected,
but only an extensive biological and physical survey of an area will
uncover these effects. Even if adverse effects are discovered in one
area, one cannot conclude that such effects will occur in other areas
36

where the physical and biological characteristics are different. The
increasing demand for power may necessitate artificial measures such as
artificial lakes, cooling towers, etc. to dissipate this excess heat
[Clark, 1969]. Future research will provide much needed information on
this problem of "thermal pollution."
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<PREDICTED TIDE - FIGURE 2












FIGURE 3 - from PG & E Moss Landing survey data
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FIGURE 5 Koss Landing tR Survey Analysis























































































FT. )AREA OF ONE ELEMENT (SO.
TIDE OF PASS - 1345
ALTITUDE (FEET) 3000
HEADING (DEC. FROM NORTH) 30
SPEED (MPH) 108
GRID SIZE IN FEET = 1088
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1231.24
Figure Moss Landing IR Survey Analysis
conducted by PG & E
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FIGURE 8 - SAMPLE BT'S















o • y >
i i t » 1 I























































































































1. Adams, J.R. , "Thermal Power, Aquatic Life, and Kilowatts on the
Pacific Coast," Proceedings of the American Power Conference
,
v. 31, 1969.
2. Baldwin, R.C., A Dispersion Model for Heated Effluent From an
Ocean Outfall , M.S. Thesis, U.S. Naval Postgraduate School,
Monterey, California, 1970.
3. Caster, W.A. , Near Bottom Currents in Monterey Submarine Canyon
and on the Adjacent Shelf , M.S. Thesis, U.S. Naval Postgraduate
School, Monterey, California, 1969.
4. Clark, J.R., "Thermal Pollution and Aquatic Life," Scientific
American , v. 220 no. 3, March 1969.
5. de Sylva, D.P., "Theoretical Considerations on the Effects of
Heated Effluents on Marine Fishes," In: Biological Aspects
of The rmal Pollution
,
ed. by P. Krenkel and F. Parker, 229-
294, Vanderbilt University Press, Nashville, 1969.
6. Doyle, M.J. and Cartwright, V.W. , Practical Remote Sensing - The
W _> V- O I KA I ||^,l IliU I llWMMV-t III ^Oi-*VilL._» \J I O vsvJ l i I i^j l<U L-v-i ls i .J \^ i i v^ i ^v,\J
from Operating Thermal Power Plants
,
presented at the American
Congress of Surveying and Mapping, Washington, D.C., March 1969.
7. Essinger, R. , Moss Landing Units 6 and 7 Oceanoaraphic Survey -
Biological Aspects (1969 Survey) , incomplete report.
8. Gatje, P.H. and Pizinger, D.D., Bottom Current Measurements in
the Head of Monterey Submarine Canyon , M.S. Thesis, U.S. Naval
Postgraduate School, Monterey, California, 1965..
9. Hedgepeth, J.W. and Gonor, J.J. , "Aspects of the Potential Effect
of Thermal Alteration on Marine and Estuarine Benthos," In:
Biological Aspects of Thermal Pollution , ed. by P. Krenkel and
F. Parker, 80-119, Vanderbil t University Press, Nashville, 1969.
10. Houk, J., Results of a Single Survey Analyzing the Pismo Clam
(Tivela Stultorum Mawe) Population at Moss Landing , incomplete V
report.
11. James, R.W. , Ocean Thermal Forecasting , ASWEPS Manual SP 105,
v. 5, 1066.
12. Krenkel, P. and Parker, F. , "Engineering Aspects, Sources, and
Magnitude of Thermal Pollution," In: Biological Aspects of
Thermal Pollu tion
,
ed. by P. Krenkel and h. barker, lU-bo,
WncTerbi 1 1 University Press, Nashville, 1959.
49

J13. Mount, D.I., "Developing Thermal Requirements for Freshwater
Fishes," In: Biological Aspects of Thermal Pollution
,
ed. by
P. Krenkel and F. Parker, 140-148, Vanderbilt University
Press, Nashville, 1969.
14. Pacific Gas and Electric Company Department of Engineering
Research, Heated Water Discharge Study of Moss Landing Pov/er
Plant Units 6 and 7 - Progress Report Number 2 , April 1968.
15. Pacific Gas and Electric Company Department of Engineering
Research, Investigations Related to the Effect of a Thermal
Power Plant on the Marine Environment as Davenport, Santa
Cruz County , California, March 1971.
16. Strickland, J.B., "Remarks on the Effects of Heated Discharges
on Marine Zooplankton," In: Biological Aspects of Thermal
Pollution
,
ed. by P, Krenkel and F. Parker, 73-78, Vanderbilt
University Press, Nashville, 1969.
17. Wurtz, C.B., "The Effects of Heated Discharges on Freshwater
Benthos," In: Biological Aspects of Thermal Pollution
,
ed. by






1. Defense Documentation Center 2
Cameron Station
Alexandria, Virginia 22314
2. Library, Code 0212 2
Naval Postgraduate School
Monterey, California 93940
3. -Oceanographer of the Navy 1
The Madison Building
732 N. Washington Street
Alexandria, Virginia 22314
4. Department of Oceanography 3
Naval Postgraduate School
Monterey, .California 93940








7. Dr. James Nybakken 1
Moss Landing Marine Laboratory
Moss Landing, California 95039
8. Mr. M.J. Doyle, Jr. 1
Department of Engineering Research
Pacific Gas and Electric Company
4245 Hoi lis Street
Emeryville, California 94608
9. ENS W.K. McCord 3
310 Audubon Boulevard




DOCUMENT CONTROL DATA -R&D
,S<-cur,f V- clas s ,f,cat,on of title, body of abstract and indexing annotation must be entered
when the overall report It efe$»itied)
I o«'GinatinG activity (Corporate author)
Naval Postgraduate School
Monterey, California 93940
Za. REPORT SECURITY C L A S SI F I C A T I C N
Unclassified
2b. GROUP
3 REPOR T TITLE
Effects of a Power Plant Discharge into Monterey Nay at Moss Landing
4 DESCRIPTIVE NOTES (Type ol report and. inclusive dates)
Mast.pr's Thesis: June 1971
5. au TmORiSI (First name, middle initial, last name)
William Kirk McCord
6 REPOR T D A TE
June 1971
• a. CONTRACT OR GRANT NO.
b. PROJEC T NO
la. TOTAL NO. OF PAGES
53
7b. NO. OF RE FS
17
9a. ORIGINATOR'S REPORT NUMBERI5I
9b. OTHER REPORT NOISI (Any other numbers that may be arslgned
this report)
10 DISTRIBUTION STATEMENT
Approved for public release; distribution unlimited,
It. SUPPLEMENTARY NOTES
13. ABSTRACT
12. SPONSORING MILITARY ACTIVITY
Naval Postgraduate School
Monterey, California 93940
The effects of a power plant discharge into Monterey Bay at
Moss
Landing are investigated. Possible effects of increased
temperatures
upon the metabolic and behavioral patterns of biota are presented
These effects are usually very subtle, and depend upon the
physical as
well as the biological characteristics of an area. Temperature
with
increasing area surrounding the discharge. Due to changing Physical
conditions, the size and shape of the warm water "plume are subject to
appreciable variations. Heat budget calculations predict only
a small
amount of the heat discharged into the Bay excapes to the
atmosphere,
although turbulence near the discharge probably accounts for
a much
larger heat loss to the atmosphere than predicted by
calculations.
DD, fn°or:J473
S/N 0101 -807-681 1
(PAGE 1)




















c.1 Effects of a powe r
plant discharge into
Monterey Bay at Moss
Landing.
!367,
1 3 APR 76 23*91 *
-






Effects of a power
plant discharge into
Monterey Bay at Moss
Landing.
thesMi8i9 discharge into
«fects o\ a power
p an a.
E fect
a 9768 001 88486
9
